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THE  EFFECT  OF  IMPROPER  VALVE  SETTINC  ON  THE  ECONOMY 
OF  A  SIMPLE  CORLISS  ENGINE. 
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OBJECT. 
The  introduction  of  the  Corliss  Engine  in  1B49 
marked  the  beginning  of  a  new  era  in  steam  engine  practice. 
Previous  to  its  appearance  there  was  a  widespread  demand 
for  an  engine  of  greater  economy  and  closer  regulation. 
When  the  new  engine -was  invented  its  possibilities  were 
quickly  noted.   Its  evolution  since  that  time  has  been 
so  remarkable  that  today  it  stands  as  the  most  universal 
type  of  reciprocating  engine.   Its  most  radical  departure 
from  the  existing  engines,  and  in  fact,  the  feature  to 
which  it  owes  its  better  economy,  is  found  in  the  operation 
and  control  of  the  cylinder  steam  events. 

There  is  some  definite  arrangement  of  the  sequence  of 
the  cylinder  events  of  a  Corliss  engine  for  maximum  steam 
economy.   A  departure  from  the  proper  time  of  occurrence  of 
any  one  of  these  affects  the  economy  of  the  engine.   The 
conditions  of  operation  of  an  engine  are  subject  to  such 
great  variations  and  are  so  unique  for  each  installation, 
that  the  events  must  be  capable  of  adjustment  between  cer- 
tain limits.   This  adjustment  permits  of  a  "setting"  to 
suit  the  existing  conditions. 

With  these  considerations  in  mind,  the  principal  ob- 
ject of  this  thesis  became  the  determination  of  the  effect 
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of  improper  valve  setting  on  the  economy  of  a  simple  Corlisn 
engine.   Incidental  to  this  ras  the  securing  of  a  series  of 
indicator  cards  showing  graphically  the  changes  made  in  the 
settings. 

APPARATUS  USED. 

The  apparatus  used  in  this  thesis  consisted  of  the 
high  pressure  cylinder  of  the  9"  &  in"  x  P4"  Gross  Compound 
Allis-Chalmers  Experimental  Corliss  Engine  located  at  The 
Armour  Institute  of  Technology.   Both  the  high  and  the  low 
pressure  cylinders  of  this  engine  are  equipped  with  double 
plated  valve  gears.   For  the  purpose  of  this  thesis  the  low 
pressure  connecting  rod  and  the  low  pressure  eccentric 
rods  were  dropped  so  that  the  engine  would  run  on  the  high 
pressure  cylinder  alone. 

The  valves  in  the  connection  between  the  high  and  low 
pressure  cylinders  were  so  sot  that  the  exhaust  steam  passed 
directly  into  the  exhaust  line  without  entering  the  receiver 
or  low  pressure  cylinder. 

The  Wheeler  Surface  Condenser,  having  4P5  sq.  ft.  of 
cooling  surface,  and  its  Knowles  patent  wet  air  pump,  were 
used  for  condensing  the  steam  and  discharging  the  condensa- 
tion to  the  weighing  tanks. 

Two  weighing  tanks,  each  located  on  scales,  were  used 
for  the  determination  of  the  amount  of  steam  required  by 
the  engine . 

The  engine  was  fitted  with  a  water-cooled  prony  Brake 
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for  the  absorption  of  the  power  developed,  which  wag 
measured  by  scales. 

Two  Crosby  indicators  were  used  for  the  determination 
of  the  indicated  horse  power.  The  motion  of  the  crosshead 
was  conveyed  to  the  indicators  by  cords  attached  to  a  pan- 
tagraph. 

For  determining  the  quality  of  the  steam,  a  super- 
heating calorimeter  was  located  in  the  steam  lead  to  the 
engine.   This  calorimeter  was  supplied  with  a  400   F.  ther- 
mometer. 

A  test  pressure  gauge  was  used  for  reading  the  steam 
pressure  on  the  engine.   A  mercury  column  attached  directly 
to  the  condenser  rave  the  vacuum  in  inches  of  mercury. 
The  constants  of  the  engine  used  are  as  follows: 

Diameter  of  cylinder  -----  9  in. 

Stroke  -----------  -24  in. 

Diameter  of  piston  rod  -  -  -    1-7/8  in. 

Area  of  piston,  head  end,  -  -  63.617  sq.  in. 

Area  of  piston,  crank  end,  --  60.856  sq.  in. 

Piston  displacement,  head  end-  0.884  cu.  ft. 

Piston  displacement,  crank  "  -  0.845  cu.  ft. 

Clearance  volume,  head  end  -  -11.1$  of  piston  displacement. 

Clearance  volume,  crank  end  -  11.4$  of  piston  displacement. 

CALIBRATION  OF  INSTRUMENTS  MP  APPARATUS, 
At  the  start  of  the  thesis  work  the  steam  gauge  used 
was  checked  up  on  a  Crosby  Gauge  Tester,  and  set  to  read 
correctly  at  100  lbs.,  at  which  pressure  the  runs  were  made. 


Three  times  during  the  thesis  work  this  gauge  was  checked 
to  the  same  pressure  and  found  to  be  correct. 

The  indicator  springs,  nominally  BO  lbs.  each,  were 
calibrated  At  the  beginning,  again  about  the  middle,  and  a 
third  time  at  the  completion  of  the  work.   The  calibrations 
showed  that  during  the  experiments  no  appreciable  change 
had  taken  place  in  the  scale  of  the  springs.   The  scale  of 
the  head  end  spring  was  90.4  lbs.,  and  the  scale  of  the 
crank  end  spring  was  88  lbs. 

At  the  beginning  of  each  day's  work  the  zero  of  the 
mercury  column  scale  was  adjusted  to  the  level  of  the  mer- 
cury in  the  bath  below  the  tube. 

The  brake  constants  were  determined  in  the  most  accur- 
ate manner  possible  under  the  ezisting  conditions.   There 
were  two  notches  in  the  brake  arm:  the  outer  4l|",  and  the 
inner  40-5/8"  from  the  center  of  the  shaft.   As  the  inner 
notch  was  the  larger,  that  was  used,  and  the  determination 
of  the  dead  load  of  brake  was  made  with  it. 

The  tension  was  removed  so  that  the  brake  hung  loose 
on  its  wheel.   The  engine  was  then  turnod  over  and  machine 
oil  poured  onto  the  wheel  until  the  friction  was  reduced  to 
a  minimum.   Then,  with  a  pair  of  spring  balances,  the  brake 
arm  was  raised  at  a  uniform  rate  of  speed.   By  numerous 
trials  the  reading  on  the  scale  was  found  to  be  44  lbs. 
The  arm  was  then  lowered  at  the  same  rate  at  which  it  had 
been  raised,  and  the  scale  reading  again  noted. 
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This  reading  was  22   lbs.   The  average  of  these  readings, 
35  lbs.,  was  taken  as  the  dead  load  of  the  brake.   The 
weight  of  the  strut  was  7i  lbs.,  makinr  a  total  dead  load 
of  40  vr  lbs.  for  the  brake  arm  and  strut.   This  determina- 
tion was  checked  in  the  following  manner:  the  scales  were 
set  at  40-J-  lbs;  the  brake  arm  was  lifted  about  6  inches 
above  the  strut,  and  allowed  to  drop,  falling  on  the  inner 
notch.   This  just  balanced  the  scales. 

METHOD  OF  C01IDUCTIN0  RUNS. 

As  the  principal  object  of  this  thesis  was  the  de- 
termination of  the  water  rate  of  the  engine  with  different 
valve  settings,  it  was  necessary  to  adopt  a  uniform  basis 
of  conducting  the  runs,  so  that  direct  comparisons  could 
be  made. 

Since  100  lbs.  gauge  pressure  is  common  practice,  this 
pressure  was  used  throughout  the  thesis  work;  and  as  26w 
of  mercury  is  the  vacuum  usually  employed  in  connection 
with  reciprocating  steam  engines,  the  condensing  runs  were 
made  with  this  vacuum.   When  running  non-condensing,  the 
pressure  at  the  condenser  was  atmospheric. 

It  was  anticipated  that  considerable  variation  in  cut- 
off would  be  necessary  to  make  up  for  the  lost  portions  of 
card  area,  and  therefore  several  preliminary  runs  were  made 
to  determine  the  maximum  automatic  cut-off  of  the  engine. 
For  conducting  the  runs  a  gross  brake  load  of  550  lbs.  was 
adopted,  which  brought  the  cut-off  well  inside  the  maximum 

limit. 
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It  was  our  intention  to  conduct  all  runs  with  this  brake 
load,  and  as  will  be  seen  later,,  this  was  satisfactory 
for  all  runs  but  one.   A  gross  brake  load  of  fi50  lbs.  gave 
a  net  brake  load  of  509xr  lbs. 

It  was  necessary  to  have  a  standard  of  reference  as 
a  basis  of  comparison.   The  setting  of  the  valves  of  the 
engine  as  shown  on  the  manufacturers'  drawings  was  adopted 
as  being  normal  or  ideal.   subsequent  tests  showed  that 
this  setting  gave  the  minimum  water  rate. 

Half -hour  runs  were  considered  to  be  of  sufficient 
length  to  give  consistent  results. 

Since  it  was  not  possible  to  obtain  the  desired  range 
of  conditions  by  an  alteration  of  the  valve  rod  length, 
it  was  decided  to  vary  the  valve  setting  by  shifting  the 
eccentrics.   Trial  showed  that  10°  gave  a  sufficient  change, 
and  therefore  10°  intervals  were  laid  off  on  the  eccentric 
and  on  the  shaft,  both  ahead  and  behind  the  normal  setting. 

In  its  turn  each  eccentric  was  held  constant  while  the 
other  was  varied  by  these  10°  increments,  and  a  condensing 
and  a  non-condensing  run  was  made  with  each  setting. 

During  the  runs  no  effort  was  made  to  eoualize  the 
events  of  the  two  ends  of  the  cylinder,  and  the  difference 
of  the  position  of  events  which  appears  on  the  indicator 
cards  was  due  to  the  angularity  of  the  valve  rods. 

Twelve  indicator  cards  were  taken  from  each  end  of 
the  cylinder  during  every  run,  and  at  the  same  time  readings 
were  taken  of  the  temperature  in  the  steam  calorimeter,  of 
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the  speed  of  the  engine,  and  of  the  vacuum,  in  the  case  of 
the  condensing  runs.   As  stated  previously,  the  steam  pres- 
sure was  maintained  at  100  lbs.  gauge. 

By  an  occasional  manipulation  of  the  pumt>  speed  and 
amount  of  cooling  water,  the  vacuum  was  easily  maintained 
at  26  inches. 

Slight  variations  in  pressure  occurred,  since  it  was 
necessary  to  go  to  the  shut-off  valve  at  the  steam  main  to 
regulate  the  steam  pressure.   However,  these  variations  vrere 
not  sufficient  to  introduce  any  appreciable  error  in  the 
results. 

RUMS  MADE. 

The  first  run  made  was  with  the  normal  setting  of  the 
valves.   The  condensing  run  was  called  No.  1,  and  the  non- 
condensing  run  was  called  No.  2.   Throughout  the  experi- 
ments the  odd  numbers  represent  the  condensinr  runs,  and 
the  even  numbers  following  them,  the  corresponding  non- 
condensing  runs. 

After  the  completion  of  the  runs  with  normal  valve 
setting,  the  steam  eccentric  was  shifted  10°  forward,  caus- 
ing earlier  admission.   Runs  were  made  under  this  condition. 
Two  more  sets  of  runs  were  made  with  further  increases  of 
angular  advance  on  the  steam  eccentric,  and  the  steam 
eccentric  was  then  swung  back  10°  behind  normal.   Two  other 
settings  were  made  with  the  steam  eccentric  behind  normal, 
and  condensing  and  non-condensing  runs  made  for  all. 
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series  of  runs,  threo  with  early  and.  three  with  late  ad- 
mission, completed  the  investigation  of  the  variation  due 
to  change  of  point  of  admission.   The  steam  eccentric  was 
then  returned  to  its  normal  position. 

The  exhaust  eccentric  was  next  shifted  to  four  differ- 
ent positions  ahead  of  its  normal,  which  change  made  both 
compression  and  release  later.   Then  the  exhaust  eccentric 
was  shifted  to  five  positions  behind  its  normal,  which 
change  made  both  compression  and  release  earlier. 

With  all  of  these  varying  positions  of  eccentrics, 
both  condensing  and  non-condensing  runs  were  made.   Each 
run  was  conducted  as  previously  outlined,  the  greatest  care 
being  taken  in  all  determinations,  and  particularly  in  the 
determination  of  the  steam  used  during  the  run,  as  this  was 
the  vital  element  of  the  work. 

The  only  exception  to  the  method  of  conducting  the 
runs  was  in  the  case  of  the  non-condensing  run  with  the 
steam  eccentric  30°  ahead  of  normal.  In  this  run,  No.  8, it 
was  soon  apparent  that  the  load  was  too  great  to  permit 
the  automatic  cut-off  to  operate;  so  the  brake  load  was 
reduced  to  500  lbs.  gross,  or  459i-  lbs.  net. 

The  completion  of  the  calculations  showed  that  the 
results  of  certain  runs  were  not  consistent.   In  such 
cases,  one  and  sometimes  two,  re-runs  were  made  as  a  means 
of  verifying  results  or  correcting  errors  in  the  original 
runs.   The  entire  series  of  runs  with  increased  compression 
were  re-made,  since  thd  difference  in  the  water  rate  as 
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indicated  by  the  first  runs  was  so  slight  that  a  further 
verification  was  deemed  necessary. 

The  averages  of  the  observations  made  on  each  settinr 
are  incorporated  in  Log  Sheet  Ho.  1.   Referenco  to  this 
sheet  will  show  that  the  run  number,  the  vacuum  in  inches 
of  mercury,  the  revolutions  per  minute,  the  barometer  in 
inches  of  mercury,  the  temperature  in  calorimeter,  the 
quality  of  steam,  the  total  weight  of  steam  used  per  hour, 
both  wet  and  dry,  and  the  brake  horse  power  have  been 
recorded  for  each  run.   Result  Sheet  No.  1  shows  the  event 
being  changed,  anil  Result  Shoet  No.  2  shows  the  nosition 
of  the  eccentrics  during  the  run. 

1284  cards  were  taken  and  integrated.   Thi3  does  not 
include  the  cards  taken  on  preliminary  runs. 

RESULTS. 

The  results  obtained  are  to  be  found  on  Result  Sheets 
Nos.  1,  2,  and  3. 

Result  Sheet  No.  1  presents  a  portion  of  the  data  ob- 
tained from  the  indicator  cards.   These  data  are  incidental 
to  the  determination  of  the  indicated  horse  power  of  the 
engine.   This  result,  sheet  also  makes  statement  of  the 
event  or  events  being  changed,  and  whether  the  runs  were 

condensing  or  non-condensing. 

Result  Sheet  No.  2  presents  a  further  portion  of  the 
calculated  results  leading  up  to  the  steam  consumption  per 
I.H.P.  and  B.H.P.  Hoiirs.   This  sheet  also  presents  the 
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mechanical  efficiency  of  the  engine. 

Result  Sheet  No.  3  shows  the  point  of  stroke  at  xvhich 
the  event  being  changed  occurred.   These  data  are  the 
average  of  the  head  and  crank  ends  and  were  taken  from 
indicator  cards  with  as  much  care  and  accuracy  as  possible. 
As  anticipated,  we  found  that  these  porcents  of  stroke 
occurred  at  the  same  point  on  all  cards  of  one  run.   On 
this  sheet  are  also  found  the  principal  results  of  this 
thesis;  namely,  the  difference  between  the  steam  consump- 
tion v;ith  setting  under  ideal  conditions  and  the  steam  con- 
sumption with  the  setting  under  consideration.   The  percent 
of  variation  of  steam  consumption  from  normal  is  also 
recorded. 

These  results  are  graphically  presented  in  two  series 
of  curves.   The  ordinates  of  the  first  series  are  the  dry 
steam  per  I.E. P.  and  B.H.P.  Hours,  while  the  abscissae  are 
the  percent,  of  stroke  at  which  the  event  being  changed 
occurs.   For  ordinates  the  second  series  of  curves  have 
the  percent,  of  difference  from  normal  in  water  rate  per 
I.H.P.  and  per  B.H.P.  Hoiirs,  and  abscissae  are  the  same  as 
on  the  first  series. 

The  curves  showing  both  the  steam  consumption  and 
percent!  of  difference  in  water  rate,  are  practically  the 
same  for  release  and  compression,  as  these  two  events 
changed  simultaneously. 

The  lowest  point  on  all  these  curves  is  the  point  of 
ideal  setting.   From  this  point  the  increase  in  both  direc- 
tions is  very  marked.   This  is  particularly  so  in  the  case 
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of  late  compression,  wherein  the  curves  assume  practically 
a  vertical  line.   This  is  due  to  the  fact  that  for  the 
last  run  made  with  late  compression  the  steam  valve  opened 
before  the  exhaust  valve  closed,  thereby  permitting  live 
steam  to  blow  through  the  cylinder  without  performing  any 
work . 

It  is  interesting  to  know  that  in  all  the  curves  of 
steam  consumption  those  for  condensing  runs  are  concave 
downward,  while  those  for  the  non-condensing  runs  are  con- 
cave upward.   This  shows  that  the  water  rate  for  the  non- 
condensing  runs  increases  more  rapidly  than  the  water  rate 
for  the  corresponding  condensing  runs. 

The  curves  showing  the  percent,  of  difference  in 
water  rate,  are  the  most  important  results  of  this  thesis, 
as  the  results  they  present  are  applicable  to  any  Corliss 
Engine  of  approximately  the  same  percent,  of  clearance 
volume;  that  is,  if  any  of  the  events  of  an  engine  are 
distorted  the  percent,  of  loss  can  be  found  by  reference 
to  these  curves. 

Eight  plates  of  indicator  cards  are  included  in  this 
thesis.   They  present  the  cards  showing  early  and  late 
admission,  both  condensing  and  non-condensing;  and  the 
cards  showing  early  and  late  release  and  compression,  both 
condensing  and  non-condensing. 

The  cards  used  on  these  plates  are  the  average  cards 
of  the  runs  as  indicated  by  the  numbers.   By  means  of  these 
plates,  the  gradual  change  of  events  is  very  clearly  shown. 
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